ABSTRACT: This study assessed the natural radioactivity and radiological health impact of thirty-eight (38) samples of soil, food and water in Fashina village, Ile-Ife, Osun State, Nigeria using portable survey meter with a Global Positioning System (GPS) and well-calibrated NaI(Tl) detector system The mean exposure rates in the study area were 0.14 µSv hr -1 and 0.12 µSv hr -1 in soil/food and water samples respectively. -1 , in soil, food and water, respectively. The external and internal radiation hazard indices were 0.18 and 0.21, 0.09 and 0.12, 0.07 and 0.09, respectively for soil, food and water. The values obtained for the Excess Lifetime Cancer Risk (ELCR) in (x 10 -3 ) were also 0.13, 0.63 and 3.80 for the soil, food and water samples, respectively. It was found that the values of some exposure rate, radioactivity contents and radiological impact parameters in the study area which were higher than those of the control area and the world average values poses a serious health risk to the environment and its inhabitants.
A radionuclide is an atom with an unstable nucleus, characterized by excess energy available to be imparted either to a newly created radiation particles within the nucleus or via internal conversion. During this process, the radionuclide is said to undergo radioactive decay, resulting in the emission of gamma ray(s) and/or subatomic particles such as alpha or beta particles (Petrucci et al., 2002) . Radiation is energetic particle or wave which travels through a vacuum, or through matter-containing medium that are not required for its propagation (Kwan-Hoong, 2003) . The absorption of this energy from radiation in biological material may lead to excitation or ionization Hall, 2000) .Radiation is everywhere in our environment and it has been since, from outer space (Cosmic Radiation), the ground (Terrestrial Radiation) and even from within our bodies. The radioactivity level from the natural radionuclides is generally termed as background radiation which depends on the amount of the radioactive materials in the environment. The background radiation can be high if the environment is polluted either from man-made or natural activities. Radiation has effects on humans depending on the dose absorbed. High radiation dose may alter the DNA of human while low dose may have no appreciable effect.Biologic effects of radiation exposure are classified as either stochastic or deterministic (Hall, 2000) .A deterministic effect has a threshold of dose, and the severity of the effect is dose-related for example skin reddening while stochastic effects have no dose threshold and it is based on the molecular mechanisms involved, example of this is cancer or a hereditary defect.The iron and steel company along Ife-Ibadan road involves in the recycling of secondary steel metals which release various particles that may be associated with radioactive contaminants. These emissions do not only degrade the soil, vegetation and water, but also increase the rate of occurrence of some common diseases in the populace (UNECE, 2006) . The specific objective of this study is to assess the natural radioactivity and evaluate the radiation hazard parameters for the samples of soil, food crop and water collected from the areas around the iron and steel smelting area in Fashina Village, Ile-Ife, to ascertain the level to which the people living in and around the company are exposed to radiation hazard.
MATERIALS AND METHODS
The Study Area: The study area (Fashina) is located in Ife Central Local Government Area of Osun State, Southwest Nigeria on latitude 7 o 27"N and 7 o 37"N and longitude 4 o 22"E and 4 o 29"E where the iron and steel company is located. This company, since January 2011, is specializing in the use of electric arc furnace in the production of iron bar from the scrap collected from various dumping area. The climate of this area is humid tropical characterized by marked wet and dry season typical south-west of Nigeria. The rainy season covers a period of seven to nine months with two high rainfall peaks and a short dry season. The mean annual rainfall recorded from meteorological station in Teaching and Research Farm of Obafemi Awolowo University, Ile-Ife, for this area is about 1196 mm and may be higher due to orographic effect. The dry season is associated with the tropical continental air mass with a severe harmattan wind that carries a lot of dust towards the end of the dry season and this season covers a period of four to six months. The control area (Opa) was located in the same Local Government on latitude 7 o 32"N and 7 o 34"N and longitude 4 o 32"E and 4 o 35"E under the same climatic conditions and about12km (7 miles) from the study area.
Fig 1: Samples Locations at Fashina Village
Sampling: At the study area, a total number of thirty (30) samples were collected radially around the factory, especially in the cultivated lands while eight (8) samples were collected in Opa area as controls for this case study. The samples comprises of soil, vegetables, fresh cassava, grains and water of different sources such as well, tap, stream and rain water during and after the factory production time. All water samples are treated with acidified with hydrochloric acid (11M) at the rate of 10 mL per litre of sample immediately after sampling to avoid adsorption of radionuclides on the walls of the container.Each soil sample and its derived food product were collected by mapping out 1 by 1 m 2 at each sampling point. In each sampling square, five core soil samples was taken (four from all the corners and one from the centre) at the depth of 0-30 cm using a hand towel while its derived food products were also collected within the same sample square point. All the five core soil samples were mixed together to make a composite sample, labelled appropriately after individual placement in polythene bags in order to avoid any mix-up as well as cross contamination. The collected samples were then transport to the laboratory for further processing. The descriptions of the various samples as well as geological survey of the study area are shown in table and figure 1 below. Samples received in the laboratory may not be in the proper physical form for analysis. They may require reduction in size, drying or some form of homogenizing before aliquots can be taken for analysis. The solid samples were oven dried at 85 o C until a constant weight is attained, then ground and passed through a mesh size of 2 mm while the larger particles were discarded. All the samples (Soil, Food and Water)which were well labelled then sealed in cylindrical air tight polyvinylchloride containerspreviously and thoroughly washed with dilute HNO3and rinsed with distilled water and kept for at least 28 days so that the radionuclides in them can attain secular equilibrium after which the activity concentrations were determined on the basis of dry weight in Bq kg -1 .After the secular equilibrium was attained, the gamma spectrometry measurements of the samples were carried out using a well calibrated Sodium Iodide (NaI(TI)) detector at the Centre for Energy Research Development (CERD). (Ali, et al, 2013) . b.) The annual effective dose resulting from the ingestion of water was estimated based on the assumption that a daily intake of water per person is 2 l d -1 (WHO, 2011) from the following expression (Orosunet al., 2018; Avwiri, et al.,2013) .
Radiological
Where AEDE is the annual effective dose, I is the water intake per day (ld -1 ), A is the daily intake of radionuclide (Bq L -1 ) and C is the ingestion coefficient of the specific radionuclide (Bq L K (ICRP, 1994) .
c.) The annual effective dose equivalent due to soil received outdoor by a member of the public was calculated from the absorbed dose rate by applying dose conversion factor of 0.7 SvGy -1 and occupancy factor for outdoor and indoor of 0.2 and 0.8 respectively (Veiga et al., 2006) . AEDE is determined using the following equations (Veiga, et al., 2006) .
The AEDE indoor occurs within a house whereby the radiation risks due to building materials are taken into consideration. AEDE outdoor involves a consideration of the absorbed dose emitted from radionuclide in the environment such as 226 Ra, 232 Th and 40 K. 
Where, CU, CTh and CK are the radioactivity concentration in Bqkg -1 or Bq L -1 of 226 Ra, 232 Th, and 40 K respectively. Hin should be less than unity for the radiation hazard to be negligible. Internal exposure to radon is very hazardous which can lead to respiratory diseases like asthma (Orosunet al., 2018; Tufail, et al., 2007) .
RESULTS AND DISCUSSION
Activity Concentrations of Natural Radionuclides in the Samples: The activity concentrations of the radionuclides in the soil, food and water samples collected from the study area and control locations are presented in Tables 2, 3 and 4 respectively. These results have been used to compute the transfer factor in an earlier work (Oluyide et al., 2018) . So in this work, we shall be using them to estimate all the radiological impact parameters to further investigate the extent to which people living in the surrounding area of the factory are exposed.
Radiological Impact Parameter in Soil: Absorbed Dose Rate ( ):
The absorbed dose rate (nGy h -1 ) from soil samples collected from the study area and the control locations at 1 m above the ground level were calculated using equation (1); the results are presented in Table 5 .The absorbed dose rate ranged between 17.79 to 46.36nGy h -1 with an average of 30.91 nGy h -1 for the study area and ranged between 23.11 to 26.66 nGy h -1 with an average of 24.88 nGy h -1 for the control area. The estimated average value in the study was found to be higher than that of the control area but lower when compared to the world average value of 57nGy h -1 (UNSCEAR, 2000) and hence do not pose any serious health risk. 
Excess Lifetime Cancer Risk (ELCR):
The excess lifetime cancer risk for the analyzed soil samples were calculated using equation (4); the results are shown in Table 5 . The excess lifetime cancer risk ELCR ranged between 0.10 x 10 -3 to 0.20 x 10 -3 with an average of 0.13 x 10 -3 for the study area and between 0.10 x 10 -3 to 0.11 x 10 -3 with an average of 0.11 x 10 -3 for control area. It is important to note that the average value obtained in the study area was lower than the world average value of 0.2 x 10 -3 (UNSCEAR, 2000). However, this value was higher than that in the control environment. Staying in this environment with an average of 70 years without interacting with other areas in terms of feeding and shelter may pose no serious cancer risk.
Radiation Hazard Indices:
The radiation hazard indices in analyzed soil samples, both the external and the internal were calculated using equation (5a) and (5b) respectively. The results are shown in Table5. The external radiation hazard index (Hext) ranged from 0.10 to 0.27 with an average of 0.18 for the study area and0.13 to 0.15 with an average of 0.14 for the control area. The internal radiation hazard index (Hint) ranged 0.13to 0.25 with an average of 0.21 for the study area and 0.15 to 0.18 with an average of 0.17 for the control. The values gotten for the two indices were found to be lower than the world average value of 1 (unity) and therefore pose no serious health risk (Beretka and Mathew, 1985) .It was noted that the internally deposited radionuclides in all the analyzed samples were greater than external exposure due to the levels Natural Radioactivity and Radiological Impact Assessment…..
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of radon which is very hazardous airborne radionuclide that can lead to respiratory diseases like asthma (EPA, 2015; Tufail, et al, 2007) . And according to the statement of one of the residence in the study area, most of the populace does stay indoor when this factory is producing; this poses serious health risk to the populace.
Radiological Impact Parameter in Food: Absorbed Dose Rate ( ):
The absorbed dose rate (nGy h -1 ) in analyzed food samples at 1 m above the ground level were calculated using equation (1); the results are presented in Table 6 . It values ranged between 11.50 to 23.27 nGy h -1 with an average of 15.64 nGy h -1 for the study area and ranged between 4.71 to 12.35 nGy h -1 with an average of 9.07nGy h -1 for the control area. In the study area, the obtained average value was high in comparison with the control environment and below the world average value of 57nGy h -1 by UNSCEAR (2000) and hence poses no serious health risk.
Annual Effective Dose (μSv yr -1 ):
The results of the annual effective dose due to ingestion of food were estimated using equation (2a). The values are presented in Table 6 with an average of 93.40 μSv y -1 in the control area. The world average value of 290 μSv y -1 (UNSCEAR, 2000) was higher than the obtained mean values for both study and control environments and hence poses no serious health to residence of this area.
Radium Equivalent activity Index (Ra eq):
The Radium Equivalent Activity Index (Raeq) in analyzed food samples were calculated using equation (3). The values are presented and illustrated in Table 6 . The results ranged between 24.58 to 51.30 Bq kg -1 with an average of 34.28Bq kg -1 for the study area and between 9.74 to 27.26Bq kg -1 with an average of 19.68Bq kg -1 for the control area. In the study area, the obtained average value was high in comparison with the control environment and below the world average valueof 370 Bq kg -1 and hence poses no serious health risk (UNSCEAR 2000).
Excess Lifetime Cancer Risk (ELCR):
The excess life time cancer risk for the analyzed food samples were calculated using equation (4); the results are shown in Table6. The value ranged between 0.35 x 10 -3 to 0.97 x 10 -3 with an average of 0.63 x10 -3 for the study area and between 0.19 x 10 -3 to 0.46 x 10 -3 with an average of 0.33 x 10 -3 for the control area. It is important to note that the obtained average values were higher than the world average value of 0.2 x 10 -3 (UNSCEAR, 2000) for both the study and control area environments. This implies that staying in this environment with an average of 70 years without interacting with other areas in terms of feeding and shelter may pose serious cancer risk.
Radiation Hazard Indices:
The radiation hazard indices from the analyzed food samples, both the external and the internal were calculated using equation (5a) and (5b) respectively. The results are shown in Table 6 . The external radiation hazard index (Hext) ranged between 0.07 to 0.11 with an average of 0.09 for the study area and 0.03 to 0.07 with an average of 0.05 for the control area, while the internal radiation hazard index (Hint) ranged between 0.08 to 0.16 with an average of 0.12 for the study area and between 0.03 to 0.10 with an average of 0.07 for the control area. These values were lower than the world average value of 1 (unity) and hence pose no serious health risk (Beretka and Mathew, 1985) . with an average of 13.64 nGy h -1 for the control area. In this study, the estimated average values was higher than the control environment but lower than the world average value of 57nGy h -1 (UNSCEAR, 2000) and hence, do not pose serious health.
Annual Effective Dose (μSv yr -1 ):
The results of the annual effective dose resulting from the ingestion of water samples were estimated using equation (2b) and presented in Table 7 The mean values ranged from 0.77 to 1.38mSv y -1 with an average of 1.09mSv y -1 for the study areaand ranged between 1.05 to 1.29mSv y -1 with an average of 1.17 mSv yr -1 forcontrolarea. From the same table, it can be seen that the AED values ranged from 0.57 (study area) to 1.05 mSv y -1 (control area) in borehole water, and in well water it ranged from0.83 to 1.44 mSv y -1 (both in the study area). Similarly, it ranged between 1.04 and 1.05 mSv y -1 in stream water (both in study area). The mean AED values for rain water were 1.38 and 1.10 mSv y -1 when the factory was producing and when not producing respectively. It can be seen from the result that the AED values for control was generally higher when compared to the study area, this could be due to the local geophysical properties of the control area. Generally, it was noted that the values estimated for all the water samples in the study and control area were slightly above the world average value of 1 mSv y -1 except for borehole because it has the lowest activity concentration ( 238 U and 232 Th) in the study area (ICRP, 1994) . (UNSCEAR, 2000) .
Excess Lifetime Cancer Risk (ELCR):
The excess life time cancer risk for the analyzed water samples were calculated using equation (4); the results are shown in Table 7 . The mean ELCR ranged between 2.70 x 10 -3 to 4.82 x10 -3 with an average of 3.80 x 10 -3 for the study area while it ranged between 3.68 x 10 -3 to 4.50 x 10 -3 with an average of 4.09 x 10 -3 for control area. It is important to note that the obtained average values were higher than the world average value of 0.2 x 10 -3 in both the study and control environments (UNSCEAR, 2000) . This implies that staying in this environment with an average of 70 years without interacting with other areas in terms of feeding and shelter may pose serious cancer risk.
Radiation Hazard Indices:
The radiation hazard indices in analyzed water samples, both the external and the internal were calculated using equation (4a) and (4b) respectively. The results are shown in Table  7 for radiation hazard indices. The mean external radiation hazard index (Hex) ranged between 0.04 to 0.11 with an average of 0.07 for the study area and 0.07 to 0.09 with an average of 0.08 for the control area, while the mean internal radiation hazard index (Hin) ranged from 0.05 to 0.14 with an average of 0.09 for the study area and 0.09 to 0.12 with an average of 0.11 for the control. Both values were found to be lower than the world average value of 1 (unity) and therefore poses no serious health risk (Beretka and Mathew, 1985) .
Conclusion:
The radionuclides detected in the gamma spectrometry analysis belonged to the naturally-occurring series-decay 238 U and 232 Th as well as the non-series 40 K. 238 U and 232 Th concentrations in some food and water samples were found to be higher than the world average value in the study area. The control area showed a trend of low activity concentrations in all the samples analyzed when compared to the study area. This can be attributed to the industrial activities in the study area. The estimation of most of the radiological impact parameters such as the absorbed dose rate, annual effective dose due to ingestion and exposure received outdoor in analyzed soil samples, radium equivalent activity, radiation hazard indices and excess lifetime cancer risk were found to be lower than the world average values. However, the effective dose in some of the samples especially water samples were found to be higher than the world average value. Similarly, the excess lifetime cancer risk values in food and water samples in the study area were found to be higher than the world average value. This poses health hazard that may predispose the populace in the study area to serious health risk.
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